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A METHOD AND A DEVICE FOR VIBRATION CONTROL 

Field of the Invention 

The present invention relates to a method and a 
device for vibration control, and more specifically 
a method, a device and a tool holder for vibration 
5 control in cutting. 
Background Art 

In cutting, such as turning, drilling, milling or 
planing, dynamic motion arises between the tool and the 
workpiece. The motion is largely due to the fact that the 

10 chip-forming process, i.e. the removal of the generally 
relatively hard material from the workpiece, results in 
dynamic excitation of the tool, especially the tool 
holder. The dynamic excitation results in a dynamic 
motion, in the form of, for instance, elastic bending 

15 or torsion, of the tool and the tool holder . The chip- 
forming process is largely stochastic and the excitation 
appears in the form of tool vibrations and noise. In 
addition to thus causing problems in the working environ- 
ment, the dynamic motion also affects the evenness of 

20 the surface of the workpiece and the service life of the 
tool. 

It is therefore important to reduce the dynamic 
motion as far as possible. It is known that the vibration 
problem is closely connected with the dynamic stiffness 
25 in the construction of the machine and the material of 
the workpiece* It has therefore been possible to reduce 
the problem to some extent by designing the construction 
of the machine in a manner that increases the dynamic 
stiffness. 

30 An important part of the construction is the actual 

tool holder. The cutting tool, for instance turning 
insert (or tooth) , milling teeth or drilling teeth, is 
rigidly supported by the tool holder. Consequently the 
vibrations arising between the cutting edge and the 


workpiece are transferred almost completely to the tool 
holder. In many cases, it is the lack of dynamic 
stiffness of the tool holder that is a main problem. 

Efforts have therefore recently been made to 
increase the dynamic stiffness of the actual tool holder 
by means of active technique in order to control the 
response of the tool. This means that active control of 
the tool vibrations is applied. 

The active control comprises the introduction of 
secondary vibrations, or countervibrations, in the tool 
by means of a secondary source which is often called 
actuator- The actuator is operated in such manner that 
the countervibrations interfere destructively with the 
tool vibrations, 

113-4, 409, 659 discloses an example of such a control 
unit. An ultrasonic actuator is arranged on the tool 
holder and produces countervibrations in the tool. The 
operating current of the actuator is controlled accord- 
ing to physical parameters that are measured and by means 
of the work of the actuator are kept within defined 
limits- This construction is unwieldy since the actuator 
is a comparatively large component which must be mounted 
on a suitable surface of the tool holder. Moreover, the 
directive efficiency is not quite distinct* 

JP-63,180, 401 discloses a very different solution 
where the actuator is built into the tool holder which 
holds a turning insert . A laterally extending through 
hole which is rectangular in cross-section is formed in 
the tool holder. A piezoelectric actuator, in series with 
a load detector, is fixed between the walls that define 
the hole in the longitudinal direction of the tool 
holder. The load detector detects the vibrations and is 
used by a control unit to generate, via the actuator, 
countervibrations which reduce the dynamic motion. This 
construction necessitates a considerable modification of 
the tool holder and indicates at the same time that the 
designer has not been aware of the essence of the exci™ 


tation process. In fact, the modification counteracts the 
purpose of the construction by reducing the stiffness of 
the tool holder in the most important directions, above 
all vertically, which in itself causes a greater vibra- 
tion problem, or alternatively means that the dimensions 
of the tool holder must be increased significantly in 
order to maintain the stiffness. During turning, the 
rotating workpiece produces a downwardly directed force 
on the cutting edge- When the cutting edge offers 
resistance, material is broken away from the workpiece. 
In this context, most of the vibrations arise. In JP- 
63,180,401, one imagines that the surface of the 
workpiece is uneven (wave-like) and thus mainly excites 
the tool holder in its longitudinal direction. Via the 
actuator, one generates an oscillation in opposition 
towards the wave pattern and thus obtains a constant 
cutting depth. 

There is thus a need for a solution which controls 
the most essential vibrations in cutting, such as turn- 
ing, milling, drilling or planing, and which causes a 
minimum of negative effects, such as bulky projections of 
dynamically weakening modifications, and still has a good 
effect . 

Summary of the Invention 

An object of the present invention is to provide a 
device and a method for controlling of tool vibrations, 
said device and said method having no or at least a neg- 
ligible negative effect on the dimensions of the tool. 

Another object of the present invention is to pro- 
vide a device and a method for controlling of tool vibra- 
tions, said device and said method having no or at least 
a negligible negative effect on the mechanical properties 
of the tool. 

A further object of the invention is to provide a 
device and a method for controlling of tool vibrations, 
said device and said method producing a directed and 
direct control of the tool vibrations. 


Jf 


4 

One more object of the invention is to provide a 
device and a method for controlling of tool vibrations , 
said device and said method enabling control of tool 
vibrations in an optional direction. 
5 The objects with regard to a device are achieved 

by a device for vibration control in a machine for cut- 
ting/ said machine comprising a cutting tool supported 
by a tool holder, the device comprising a control unit 
and converting means which are connectible to the control 

10 unit and comprise a vibration sensor and an actuator, and 
the actuator comprising an active element which converts 
an A.C. voltage supplied by the control unit across the 
actuator into dimensional changes. Said active element is 
adapted to be embedded in the body of the tool holder, 

15 and it is adapted to be embedded in such manner that said 
dimensional changes impart turning moments to the body of 
the tool holder* 

The objects with regard to a method are achieved by 
a method for vibration control in cutting, comprising the 

20 steps of detecting the vibrations of a tool holder during 
cutting, and generating control vibrations in the tool 
holder, by means of at least one active element which is 
electrically controllable to dimensional changes. The 
method is characterised by the steps of embedding said 

25 active element in the body of the tool holder and, for 
generating the control vibrations, imparting turning 
moments to the body of the tool holder by generating at 
least one control voltage and applying the control vol- 
tage across said active element, and by varying the con- 

30 trol voltage according to the detected vibrations. 

The idea of embedding, according to the invention, 
at least one active element in the tool holder implies a 
minimal modification of the tool holder and at the same 
time uses the rapidity and the capability of changing 

35 dimensions of the active element in an optimal manner. 
The embedding makes it possible to transfer more effi- 
ciently the dimensional change direct to the body of the 
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tool holder and with maximum efficiency. The prior-art 
technique according to JP-63, 180 f 401 where the actuator 
element is arranged freely except for the end walls gives 
space for outwards bending of the actuator element, 
5 whereby power is lost. The embedding is also advantageous 
by the device being useable in practice since it is pro- 
tected against cutting fluids and chips. The known 
devices are possibly useable for laboratories, but not in 
the industry. 

; f J 10 The device is adapted to impart a turning moment 

SB to the tool holder through the arrangement of the ac- 

W tive element /elements* The corresponding actuator ele- 

u\ ment in JP-63, 180, 401 is deliberately arranged so that 

f|j the dimensional change occurs along the longitudinal axis 

ra 15 of the tool holder, which does not result in a turning 

i~ moment. This depends on the above-mentioned lack of know- 

ledge of what primarily causes the vibration problems. 
W Thus one has not realised that the most important excita- 

tion forces have any other direction but parallel with 
|U 20 said longitudinal axis. Even with this knowledge, the 

construction according to JP-63, 180, 401, however, is not 

easily adjustable to any other kind of mounting than the 

one shown. 

The active element according to the invention can 
25 be made small. This makes it easy to build the active 

element into the tool holder when manufacturing the same 
without any detrimental effect on the mechanical proper- 
ties of the tool holder. Besides it will be possible 
later to mount the element in existing tool holders. 
30 Moreover, the mounting will be flexible since the 

active element may be mounted with an optional orienta- 
tion. Consequently it will be possible to achieve maximum 
controllability for vibrations of practically any direc- 
tion whatever. 
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Brief Description of the Drawings 

The invention will now be described in more detail 
with reference to the accompanying drawings , in which 

Fig. 1 exemplifies in a perspective view the appli- 
5 cation of forces on a cutting tool; 

Fig. 2 is a schematic cross-sectional view of an 
embodiment of the invention applied to a tool for turn- 
ing; 

Fig. 3 is a block diagram of controlling according 
10 to the embodiment in Fig, 2; 

Fig. 4 illustrates a different embodiment of the 
invention applied to a tool for milling; and 

Fig. 5 is a schematic view of yet another embodiment 
of the tool holder according to the invention. 

15 

Detailed Description of Embodiments 

A basic object of the invention is to counteract 
the arising of vibrations causing noise, wear and uneven 
surfaces in connection with cutting of a workpiece. The 

20 casual relation for the arising of vibrations in cutting 
has been described above. A correctly performed vibration 
control according to the invention obviates the problems 
and results in an excellent surface finish. 

Fig. 1 shows an example of forces to which a tool 

25 1, in this case a turning insert , is exposed owing to the 
working of a workpiece 2, The tool 1 is supported by a 
tool holder 3, with which the tool 1 is rigidly connect- 
ed. The workpiece 2 rotates in the direction of arrow A, 
The tool holder 3 moves in a direction of feed indicated 

30 by arrow B. The rotation of the workpiece 2 and the 

motion of the tool holder 3 together generate a resultant 
force as illustrated by arrow f . The resultant force f 
can be divided into components ff, f P and f v . As appears 
from Fig. 1, the dominating component is f v which desig- 

35 nates the force required to remove material from the 
workpiece 2. 
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Fig. 2 exemplifies an embodiment of the inventive 
device and how this embodiment is used in turning. 
Fig. 2 is a schematic longitudinal cross-section of a 
tool in the form of a turning insert 21, and a tool 
5 holder in the form of a turning insert holder 23, which 
correspond to the tool 1 and the tool holder 3, 
respectively, in Fig. 1. A rotating workpiece is shown in 
cross-section at 22. The inventive device is in this 
example arranged to reduce/counteract the vibrations 

10 caused by the force component f v and indicated by arrow 
C. The device comprises converting means, which consist 
of plate-shaped sensors 24, 25 and plate-shaped actuators 
26/ 27, The actuators 26, 27 comprise active elements, 
here one element each, which in this embodiment consist 

15 of piezoceramic elements which change dimension when an 
electric voltage is applied across them. The dimensional 
change is related to the voltage. A piezoceramic element 
can in turn be designed as a unit or advantageously be 
made up as a so-called stack and/or of several partial 

20 elements. Thus, the element can be a solid body or a 
plurality of individual, but composed and interacting 
bodies. The sensors 24, 25 are piezoelectric crystals 
which generate an electric voltage when subjected to 
forces. The device further comprises a control unit 28 

25 which is electrically connected to the sensors 24, 25 and 
the actuators 26, 21 via a conduit 29 containing a 
plurality of conductors. For the sake of clarity, only 
those conductors 30-33 are shown in the tool holder 23 
which are connected to the actuators 26, 27, but of 

30 course conductors are also arranged for the sensors 24, 
25. 

The active elements, i.e. the piezoceramic elements, 
26, 27 are embedded in the tool holder 23. In this case, 
and as a preferred embodiment, the embedding is made by 
35 casting. The casting is carried out by forming for each 
active element 2 6, 27 a recess in the body of the tool 
holder 23, whereupon the active element 26, 27 is arrang- 
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ed therein and covered by casting. The active element 
2 6, 27 is glued preferably to the bottom surface of the 
recess. The sensors 24, 25 are fixed by casting in the 
same way as the active elements- The conductors 30-33 
5 are also cast into the tool holder 23. 

The converting means 24-27 are oppositely arranged 
in pairs and in parallel , in the form of one pair of sen- 
sors 24, 25 and one pair of actuators 26, 27. An upper 
sensor 24 of the sensors 24, 25 is arranged close to the 

10 upper side 23a of the tool holder 23, and a lower sensor 
25 of the sensors 24, 25 is arranged close to the under- 
side 23b of the tool holder 23. The actuators 26, 27 are 
arranged correspondingly, i.e. with an upper and a lower 
actuator 26, 27 arranged close to the upper side 23a and 

15 the underside 23b, respectively, of the tool holder 23. 

In Fig. 5 another advantageous embodiment is shown. 
The purpose of Fig. 5, which is even more simplified than 
the other figures, is to disclose a desirable positioning 
of the active elements in relation to the engagement of 

20 the tool holder in the machine, which is here a turning 
lathe. As shown most schematically in a cut away view in 
Fig. 5, the tool holder 23 is held in a mounting recess 
53 of the machine 51, and, more specifically, for example 
in a foundation or rigid part thereof. For comparing 

25 purposes the tool holder 23 of Fig, 5 is corresponding 
with the tool holder 23 of Fig. 2 and corresponding 
referentials are used. For sake of simplicity merely two 
active elements 2 6, 27 are shown, as indicated with 
dashed lines. The tool holder 23 is rigidly mounted in 

30 the machine 51, which is symbolically shown with 

fastening screws 55. What is specific for this embodiment 
is that the active elements 2 6, 27 are positioned along 
the length of the tool holder 23 in such a way that they 
extend into the recess 53 when the tool holder 23 is 

35 properly mounted therein. Preferably about one half of 

each active element 26, 27 is placed inside of the recess 
53 and the other half thereof is placed outside of the 


mouth 57 of the recess 53. This is due to location of the 
maximum of the turning moment, and more specifically the 
bending, of the tool holder 23. It can be shown that this 
maximum is located at the very mouth 57 of the recess 53. 
Traditionally it has typically been assumed that the tool 
holder acts like a protrusion of the rigid foundation 
wherein it is fastened. However, in practise the forces 
acting upon the tip of the tool holder causes a bending 
thereof also within the recess 53, which bending has to 
be taken into account. In order to obtain a maximum 
effect of the dimensional changes of the active elements 
26, 27, they should be positioned like in Fig. 5, 

The operation of the device will no be described in 
conjunction with Fig. 2. However, the similar operation 
applies to the device as shown in Fig. 5. When during 
turning the tool 21 and the tool holder 23 vibrate up and 
down according to arrow C, the sensors 24, 25 are 
subjected to alternating pulling and pressing forces. 
Each sensor 24, 25 then generates a voltage which varies 
concurrently with the variations in forces. The sensor 
voltages are detected and analysed by the control unit 
28. The control unit 28 generates two control voltages, 
in the form of A.C. voltages, which are supplied to an 
actuator 26, 27 each and are applied across the 
piezoceramic elements 26, 27. The piezoceramic elements 
26, 27 are elongate in the longitudinal direction of the 
tool holder 23, and the conductors 30-33 are connected in 
pairs to a piezoceramic element 26, 27 each in their 
respective front ends 26a, 27a and rear ends 26b, 27b. 
When voltage is applied to the actuators 2 6, 27 by means 
of the control voltages, the piezoceramic elements 2 6, 27 
are thus extended to a greater or smaller degree 
depending on the magnitude of the voltages. In other 
words, each piezoceramic element 2 6, 27 obtains a 
dimensional change in its longitudinal direction, which 
in the present example is also the longitudinal direction 
of the tool holder 23. The piezoceramic elements 26, 27 
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preferably have power-transmitting surfaces, in this case 
their end surfaces at the ends 26a, 2 6b/ 27a, 27b which 
abut directly against surfaces in the body of the tool 
holder 23. Moreover, the piezoceramic elements 26, 27 are 
5 spaced from the centre axis I-I of the tool holder 23, 
The expression "spaced from the centre axis" means in 
general terms that the centre axes of the piezoceramic 
elements 26, 27 do not coincide with the centre axis of 
the tool holder 23 ♦ If the centre axes should coincide, 

10 no turning moment would be obtained, but merely a pure 
longitudinal change of the tool holder 23. In the 
preferred embodiment, the piezoceramic elements 26, 27 
are arranged close to the surface for the moment arms to 
be as long as possible. In the present example, the 

15 dominating vibration is vertical, which means that the 
forces induced by means of the piezoceramic elements 26, 
27 in the first place strive to bend the end of the tool 
holder 23 upwards and downwards. 

The turning moments thus act round an axis which is 

20 perpendicular to the centre axis I-I and are controlled 
so as to operate in opposition to the turning moments 
induced by the worJcpiece 22 during working owing to its 
rotation. This reduces the vibrations* Thus the control 
unit 28 generates such control voltages that the forces 

25 induced by the actuators 2 6, 27 are in opposition to the 
forces detected by the sensors 24, 25. 

The control unit 28 is selectable among many diffe- 
rent types, such as analog, fed-back control unit/ con- 
ventional PID regulator, adaptive regulator or some other 

30 control unit suitable in a current application. Prefer- 
ably the control unit strives to control the vibrations 
towards an optimal state. The control can imply/ for 
instance, minimising of the vibrations in one or all 
directions/ in which case the optimal state can be com- 

35 pletely extinguished vibrations. A large number of known 
control algorithms are available. It is desirable to find 
the most efficient one for a certain application. Regard- 
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ing the above-described embodiment in connection with 
turning, the analysis of the sensor signals, i.e. the 
voltages generated by the sensors, and the generation 
of the control signals, i.e. the control voltages, to the 
5 piezoceramic elements 26, 27 occur as follows. 

A preferred embodiment of the control system which 
the control unit 28, the sensors 24, 25 and the piezo- 
ceramic elements 26, 27 constitute, is fed back and bas- 
ed on a so-called "Filtered-X LMS-algorithm" . It is true 
10 that this algorithm is per se known to those skilled in 
the art. Fig. 3 illustrates an equivalent block diagram 
of the fed-back control system in a digital description. 

Block 301, which is also designated C, represents 
the dynamic system controlled, which contains the actua- 
ls tors 26, 27 and the sensors 24, 25. The other blocks 

represent an implementation of said algorithm* Block 305 
represents an FIR filter with adjustable coefficients, 
block 307 represents an adaptive coefficient adjusting 
means, and block 309 represents a model (C*) of the dyna- 
20 mic system 301, 

Seen from a functional, mathematic perspective, 
the dynamic system constitutes a forward filter, whose 
output signal, i.e. the response of the dynamic system, 
is y c (n) . The coefficient adjusting means 307 strives 
25 to optimise the coefficients of the FIR filter so that 
an error signal e(n) is minimised. The error signal 
e(n)=d(n)- y c (n) where d{n) is a desirable output signal. 
The determination of the error signal is carried out by 
means of a summer 311. To ensure that the coefficient 
30 adjusting means converges each time independently of its 
initial state, it is supplied with a reference signal 
r(n) from the model 309 of the forward filter. 

In mathematical terms it is possible to describe 
the effect of the invention by saying that it changes the 
35 transmission of the tool holder and, more specifically, 
changes the properties of one or more forward channels, 
each forward channel being associated with an excitation 
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direction. This way of looking at the matter is 
equivalent to the effect of the invention being that 
control vibrations are generated, which influence the 
vibrations of the tool holder. It should thus be pointed 
5 out that in many cases the forward channel cannot be 
considered time-invariant, i.e. a traditional linear 
systems theory is in many cases not applicable. The 
system is usually non-linear. 

The invention is applicable not only to turning but 

10 functions also for other types of cutting, such as mill- 
ing or drilling, in which also the above described con- 
trol algorithm is applicable . 

In milling, the workpiece does not rotate, but 
instead the tool itself and its tool holder. Fig. 4 shows 

15 a milling tool holder 41, whose direction of rotation is 
indicated by an arrow. The milling tool holder 41 has 
embedded sensors and active elements, of which two active 
elements 45, 47 are schematically shown. The most impor- 
tant vibrations that arise in milling are caused by tor- 

20 sion of the milling tool holder 41 owing to the engage- 
ment of the cutting edges 43 in the material of the work- 
piece. The milling tool holder 41 is also subjected to a 
certain degree of bending. The resultant forces are main- 
ly helically directed round the axis of rotation of the 

25 milling tool holder 41. A preferred arrangement of the 

active elements 45, 47b therefore is in a band round the 
milling tool holder 41 so that the active elements have 
an essential extent and simultaneously a direction of 
action helically round the axis of rotation of the tool 

30 holder 41. Thus, the resulting turning moments act essen- 
tially in the same directions as said torsion, A conceiv- 
able variant of or combination with the helical arrange- 
ment, however, is also to arrange the active elements 
parallel with the axis of rotation. 

35 In drilling, like in milling, the tool and the tool 

holder rotate. Drills have a tool in the form of drilling 
teeth supported by a tool holder. The teeth are usually 
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welded to the holder. However, also so-called high-speed- 
steel drills are available, in which the tool holder and 
the tool are integrally made. Also in that case, however, 
the drill comprises in terms of definition a tool in the 
5 form of the actual teeth at the end of the drill and a 
tool holder in the form of the remaining part of the 
drill* In drilling, the circumstances resemble those 
prevailing in milling. A clear distinction, however, is 
to be found in the direction of feed, which in drilling 

10 is parallel with the axis of rotation of the tool holder 
whereas it is perpendicular to the axis of rotation of 
the tool in milling* A further distinction is that the 
entire tool abuts against the workpiece in drilling 
whereas in milling the abutment is only partial* 

15 Therefore, in drilling the vibrations are almost exclu- 
sively related to torsion. Active elements and sensors 
are arranged in about the same way as in milling, but at 
a greater angle to the axis of rotation. 

Also vibrations in planing tools and other cutting 

20 tools can be controlled according to the invention. 

An alternative arrangement of sensors is, in connec- 
tion with turning, between the actual insert and the tool 
holder, i.e. below the insert. In that case, a pressure- 
sensitive sensor is used. 

25 Besides, the sensors can be of different types. In 

addition to those mentioned above, use can be made of 
e.g, accelerometers and strain gauges* The latter, how- 
ever, are less suitable than the piezoelectric sensors 
from the environmental point of view. 

30 Also the active elements can be of different types 

within the scope of the invention. In the future, even 
thinner elements than those used today will probably be 
conceivable, for instance in the form of piezofilm (PZT) . 
The currently preferred type, however, is piezoceramic 

35 elements. 

The above-described arrangements of the sensors and 
actuators are examples of arrangements and many variants 
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are possible, such as a combination of those shown or 
other numbers of actuators- For instance, in turning, 
it is possible to arrange two pairs of actuators in each 
direction or a plurality of actuators adjacent to those 
5 shown. In its simplest embodiment, the inventive device 
comprises only one actuator which comprises one active 
element. This, however, results in a more non-linear con- 
trol system, which causes unnecessary technical difficul- 
ties in controlling. Therefore it is an advantage to 

10 balance the system by arranging, like in the embodiment 
shown in Fig. 2, the active elements in pairs opposite 
each other, i.e. opposite each other on each side of the 
centre axis of the tool holder, A still greater linearity 
is achieved if each actuator is besides formed of two 

15 active elements which are joined, for example by gluing, 
with each other, large face to large face, into a double 
element. The double element will certainly be twice as 
thick as a single element, but gives a more dynamic 
effect, which sometimes is preferable. 

20 The active elements are in respect of form not bound 

to be rectangularly parallelepipedal and plate-shaped as 
the elements shown, but the form may vary according to 
the application. The plate shape, however, is advanta- 
geous since it contributes to minimising the volume of 

25 the element. Moreover, an elongate form is a good proper- 
ty which also contributes to imparting to the element a 
small volume. It is preferred for the dimensional changes 
to occur in the longitudinal direction of the element. 
The arrangement of the active elements in the tool 

30 holder may vary and certainly also affects the form. In 
addition to the above-described, preferred mounting where 
the elements certainly are glued to the base of the 
recess but two opposite power-transmitting surfaces 
essentially generate the turning moments, other alter- 

35 natives are possible. One alternative implies that the 
dimensional change is fully transferred via the glue 
joint, which in principle is possible with today's 
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strongest glues. Also other variants are contained within 
the scope of the invention. 

The active element is covered by casting, using a 
suitable material. As an example, plastic materials can 
5 be mentioned. Preferably, however, a cover of metal is 
arranged on top and on the same level as the remaining 
tool holder surface. 


